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Long-term immobilization by casting can occasionally cause pathologic pain states in the immobilized 
side. The underlying neurophysiological mechanisms of immobilization-related pain are not well 
understood. For this reason, we specifically examined changes of calcitonin gene-related peptide (CGRP) 
expression in the dorsal root ganglion (DRG), spinal dorsal horn and posterior nuclei (cuneate nuclei) in a 
long-term immobilization model following casting for 5 weeks. A plastic cast was wrapped around the 
right limb from the forearm to the forepaw to keep wrist joint at 90°of flexion. In this model, CGRP in 
immobilized (ipsilateral) side was distributed in larger DRG neurons compared with contralateral side, 
even though the number of CGRP-immunoreactive (CGRP-IR) neurons did not differ. Spinal laminae 
III-V, not laminae I-II in ipsilateral side showed significantly high CGRP expression relative to 
contralateral side. CGRP expression in cuneate nuclei was not significantly different between ipsilateral 
and contralateral sides. Long-term immobilization by casting may induce phenotypic changes in CGRP 
expression both in DRG and spinal deep layers, and these changes are partly responsible for pathological 
pain states in immobilized side.  
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Casting (immobilization) is commonly utilized because it is considered to be useful in restoring injured 
organs by local resting. However, long-term immobilization results in harmful complications such as 
muscular atrophy or joint contracture in the immobilized side. In addition, recent research reveals that 
immobilization may cause not only motor dysfunction but also sensory-motor or autonomic nerve 
dysfunction, and occasionally immobilization-related pain [5,19,26]. With regard to 
immobilization-related neurological dysfunction, Butler and colleagues (1999) reported observing signs 
of neglect-like states and complex regional pain syndromes after casting limbs of patients with foot 
fractures and healthy volunteers [2]. Therefore, long-term immobilization may limit therapeutic outcome 
and may produce low levels of activity of daily living.  
Predominantly, immobilization-related pain has been considered to be a result of shortened muscle and 
the adhesion of joints and periarticular structures. Clinically, surgical release of the periarticular tissues 
has been successful in helping relieve patients with painful post-traumatic contracture [3]. Previously, we 
developed a long-term joint immobilization model, which showed a joint contracture, disuse tendencies, 
and pain behaviors in the affected limb, and we observed changes in electrophysiological responses of 
dorsal horn neurons to mechanical stimuli and motion stimuli [27]. This observation suggests that central 
changes as well as local peripheral changes are implicated in immobilization-related pain. It is well 
known that intense nociceptive stimulation (e.g., inflammation, nerve injury and cancer) alters the 
character of neurons in the central nervous system [1,7,28] and these alterations are considered to be the 
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cause of allodynia and hyperalgesia [22,24]. However, it remains unclear how these central neuronal 
changes occur under conditions of sensory input deprivation (long-term immobilization).  
In the present study, we have focused on the expression of calcitonin gene-related peptide (CGRP). 
CGRP has a wide distribution throughout the central and peripheral systems and is involved in processing 
nociceptive information. Firstly, in the spinal cord, CGRP is released from C and Aδ nociceptive afferent 
fibers as an excitatory neurotransmitter and neuromodulator following painful stimuli, and sensitizes 
dorsal horn neurons [6,20]. In the experimental animals showing mechanical allodynia and hyperalgesia, 
CGRP expression in the spinal dorsal horn was markedly up-regulated [9,15]. Secondly, changes in 
CGRP expression within the dorsal root ganglion (DRG) have been studied in various pain models. The 
number of CGRP-immunoreactive (CGRP-IR) DRG neurons increased or decreased in inflammatory and 
neuropathic pain models [11,14,21]. In these studies, phenotypic changes in DRG CGRP expression have 
included both a change in the number of CGRP-IR neurons and a switch to CGRP expression in small or 
large DRG neurons. Interestingly, in neuropathic pain models, CGRP expression in the posterior nuclei 
(where information is conveyed by thick myelinated fibers encoding tactile sensation relayed to higher 
levels) significantly increased in the injured side, suggesting that CGRP released in non-nociceptive 
pathways is implicated in pain states [11,12]. The aim of the present study was to examine whether the 
expression of CGRP in DRGs, spinal dorsal horn, and posterior nuclei (cuneate nuclei) altered under 
conditions of long-term immobilization, to gain a better understanding of immobilization-related pain.  
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All animal experiments were approved by the Kochi Medical School Animal Care and Use Committee 
and were performed at Kochi Medical School. Seven adult male Sprague-Dawley rats (250-300g; Japan 
SLC, Inc.) were used in this study. Long-term joint immobilization was maintained by using a plastic cast 
as described previously [27]. Briefly, the rats were anesthetized with tribromoethanol （200 mg/kg i.p.）, 
and a plastic cast was wrapped around the right limb from the forearm to the forepaw to keep wrist joint 
at 90°of flexion. After 5 weeks casting, the rats were perfused transcardially with 4% paraformaldehyde 
and DRGs, spinal cord, and medulla oblongata were excised at 24 hours after removing cast. Retrograde 
fluorogold labeling demonstrated that DRG neurons innervating the wrist joint in the rat were distributed 
throughout DRGs from C6 to Th1 levels, and most of the labeled neurons contained CGRP [8]. Hence, 
DRGs and spinal cords from C7 to Th1 levels were harvested and used for CGRP immunohistochemistry. 
All of the sections were cut on a cryostat at a thickness of 12µm (in DRG) and 23µm (in spinal cord and 
medulla oblongata), and were incubated in the primary antibody to CGRP (1:5000, Sigma) for 48 hours at 
4°C and antibody labeling was detected using Alexa Fluor 488 (1:1000, Molecular Probes). For size 
distributions of the CGRP-IR neuronal profile, the areas of over 2000 DRG neurons were measured in 
each side, on both the immobilized (ipsilateral) and contralateral sides, using imaging analysis software 
(NIH Image). To calculate the number of CGRP-IR neurons, one hundred fluorescent images of 
ipsilateral and contralateral DRGs were extracted per animal at random (700 fluorescent images total each 
side), and the number of CGRP-IR neurons was counted. Only CGRP-IR neurons with visible nuclei 
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were selected for measurement. The total area of CGRP fibers (pixels) in superficial layers (laminae I-II) 
and deep layers (laminae III-V) in spinal dorsal horn and posterior nuclei (cuneate nuclei) in medulla 
oblongata was quantitatively evaluated using NIH Image. The differences in the number of CGRP-IR 
neurons and total area of CGRP fibers between the ipsilteral and contralateral sides were assessed using 
unpaired t-tests. The differences in size distribution of DRG neurons were assessed using 
Kolmogorov-Smirnov test. Statistically significant differences between groups were expressed as p values 
less than 0.05.  
No significant differences in the number of CGRP-IR DRG neurons were found between ipsilateral 
(282.7±33.5) and contralateral sides (279.5±33.7). However, the size distribution of ipsilateral CGRP-IR 
DRG neurons was significantly different from that of the contralateral side (p<0.0001, Fig.1); ipsilateral 
CGRP expression was observed in larger neurons on the contralateral side. The size distributions of 
Nissl-stained DRG neurons were no different in the ipsilateral and contralateral sides (p=0.228), 
demonstrating that all ipsilateral DRG neurons did not become larger, independent of CGRP expression. 
In the spinal cord, the areas of ipsilateral CGRP-IR fibers significantly increased compared with the 
contralateral side in laminae III-V (ipsilateral, 460028±89537 pixels; contralateral, 365932±67834 pixels: 
p<0.05) but not in laminae I-II (ipsilateral, 642202±78683 pixels; contralateral, 620055±65095 pixels: NS, 
Fig.2). No significant change was observed in cuneate nuclei CGRP-IR fibers between the ipsilateral 
(33810±17762 pixels) and contralateral sides (28683±13514 pixels).  
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The present study revealed that long-term immobilization by casting induced an up-regulation of CGRP 
expression, not in superficial but in deep layers of dorsal horn and a shift in the distribution of CGRP 
expression profile to larger DRG neurons. When classifying DRG neurons in terms of size, CGRP 
production is known to be observed not only in small to medium neurons, but also in large DRG neurons. 
According to previous studies, the majority of small neurons have C fiber axons, which project to the 
superficial layers of the spinal dorsal horn. In contrast, the large neurons correspond to Aα or Aβ fibers, 
which project to the deep layers of the spinal dorsal horn or posterior nuclei. Previous studies 
demonstrated that there were shifts toward larger cell sizes in the size distribution of CGRP-IR DRG 
neurons and further CGRP expression in posterior nuclei increased in neuropathic pain models [11,12]. In 
addition, spontaneous activity and excitability of posterior nuclei in the nerve injury side were 
significantly higher than in the contralateral side [13]. Although these observations suggest that an 
up-regulation of posterior nuclei plays an important role in the generation and maintenance of pain, 
CGRP expression in posterior nuclei was not significantly affected by long-term immobilization in the 
present study. As evidenced by a retrograde tracing study, CGRP-IR fibers from medium-size lumbar 
DRG neurons project to posterior nuclei [16,25], but the projection of those from cervical DRG neurons 
is still unknown. Further research is needed to clarify which size cervical DRG neurons are the ones 
which predominantly project to posterior nuclei.  
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In a previous report, endoneurial injection of nerve growth factor (NGF) increased the percentage of 
large-sized CGRP-IR DRG neurons [18]. Therefore, NGF seems to be implicated in a switch to CGRP 
expression in larger DRG neurons. However, the detailed mechanism of CGRP expression in the DRG, 
regulated by NGF,remains unknown. NGF also is induced by Schwann cells after nerve injury and is 
involved in the onset of pain behaviors in neuropathic pain [10,17]. In the current joint immobilization 
model, peripheral nerves might be injured by long-term casting. Having said that, there was no evidence 
of peripheral nerve injury or NGF up-regulation after joint immobilization. 
In the deep layers, where CGRP expression was up-regulated by long-term immobilization, there was a 
distribution of wide-dynamic range (WDR) neurons. The WDR neurons have been proven to respond to 
both noxious and innocuous stimuli in electrophysiological studies. Growing evidence suggests that 
neuronal discharge of WDR neurons is involved in pathological pain conditions, such as allodynia and 
hyperalgesia. Allodynic rats showed a significant decrease in the proportion of low-threshold neurons and 
an increase in the proportion of WDR neurons [4]. Electrophysiological recording from WDR neurons in 
the spinal dorsal horn in hyperalgesic rats significantly increased spontaneous activity and 
after-discharges to noxious mechanical stimuli [29]. Furthermore, the administration of CGRP8-37, a 
selective CGRP receptor antagonist, induced a significant decrease in the evoked discharge frequency of 
WDR neurons [23]. Therefore, the up-regulation of CGRP expression in the spinal deep layers might 
modulate nociception through WDR neuronal activation in the present immobilization model. Indeed, we 
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have previously demonstrated that the population of WDR neurons in the immobilized side increased 
after joint immobilization [27].  
In conclusion, long-term casting induces the phenotypic changes in CGRP expression both at the DRG 
and spinal cord levels (specifically in deep layers) on the immobilized side. In terms of pathological pain 
states after long-term joint immobilization, these alterations may be of extreme importance.   
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Figure legends 
Fig.1. Size distribution analysis of CGRP-IR in DRG neurons after joint immobilization. There were 
shifts toward larger cell sizes in the size distribution of CGRP-IR of immobilized (ipsilateral) side in 
DRG neurons (Kolmogorov-Smirnov test : p<0.0001).  
 
Fig.2. Photomicrographs and histogram of CGRP-IR fibers in spinal dorsal horn (A, B) and cuneate 
nuclei (C,D) after joint immobilization. The results of histogram are expressed as means ± SEM of pixel. 
CGRP-IR fibers in laminae I-II and cuneate nuclei were not significantly different between immobilized 
(ipsilateral) side and contralateral side. However CGRP-IR fibers significantly increased in laminae III-V 
of ipsilateral side (B, arrow) compared with contralateral side. *p<0.05 
 
 
Cotralateral side
Ipsilateral side
0
5
10
15
20
25
30
35
40
0- 100 200-
300
400-
500
600-
700
800-
900
1000-
1100
1200-
1300
1400-
1500
%
 o
f p
os
iti
ve
 c
el
ls
?
Size of cross section (µm2)
Fig. 1
Figure
?Contralateral side Ipsilateral side
A
100 µm
B
C D
100 µm
pi
xe
l
*
laminae I-II laminae III-V
20000
0
40000
60000
Cotralateral side
Ipsilateral side
pi
xe
l
20000
0
40000
60000
Spinal cord
Cuneate nuclei
Fig. 2
